Beyond individual factors, the neighborhood factors have been showed to have impacts on health-related quality of life in general population (13) . Neighborhood disadvantage refers to the lack of economic and social sources in a neighborhood and has been shown to exert a detrimental effect on health outcomes over and above individual level characteristics (14, 15) . Racial segregation has been found to be associated with differences in socioeconomic status that leads to racial health disparities (16) . In the U.S., African American is a population with the highest degree of residential segregation (17) . African Americans are more likely to live in disadvantaged neighborhoods that increase the risk of having an adverse psychological condition such as QOL (18) . Prior research showed that neighborhood disadvantage is associated with health and health outcomes across the cancer continuum, including cancer incidence, diagnosis, treatment, the survivorship period, and survival rates (19, 20) . Despite the importance of QOL among cancer survivors, limited research exists that examines the influence of neighborhood disadvantage on QOL outcomes among cancer survivors. Understanding the influence of neighborhood factors on cancer survivorship outcomes has important implications for informing public policy and neighborhood level interventions (21) .
The purpose of this study was to: (I) examine the association between neighborhood disadvantage and health-related QOL among a sample of African American and White cancer survivors, and (II) further examined whether any observed associations between neighborhood disadvantage and health-related QOL differed for African American and White cancer survivors.
Methods

Study design and sample
Data for this secondary data analysis study were from a large survey study of the QOL of African American and White breast, prostate and colorectal cancer patients conducted from 1999-2003. In the study, a total of 753 patients meeting eligibility criteria (African American or White, breast, prostate or colorectal cancer diagnosis, and within three years of an initial diagnosis) were identified. Upon telephone interview, 149 cases were found to be ineligible (more than 36 months since diagnosis, other cancer site, deceased, non-English speaking). Of the qualified cases (N=604), 492 (81.5%) completed the interview (44 were not found, 51 refused to participate and 17 started the interview, but did not complete the majority of the questions and were excluded from the analysis; See Manfredi, Kaiser, Matthews & Johnson, 2010 for a full description of study procedures) (22) . Therefore, the analytical sample included 492 African American (n=248) and White cancer survivors (n=244). The study protocol was approved by the Institutional Review Boards at the University of Chicago and the University of Illinois at Chicago.
Study measures
Demographic and clinical factors
Demographics included: race, education, gender, income, health insurance status, and employment status. Clinical factors were measured by age at diagnosis in years, cancer site, cancer stage at diagnosis, current treatment status, time since diagnosis and the presence of medical comorbidities.
Neighborhood disadvantage index
We created the neighborhood disadvantage index (NDI) based on the methods established by Ross and Mirowsky [2001] (14) . The NDI consisting of four components is calculated at the zip code level (n=237 zip codes), including: (I) the prevalence of poverty: the percentage of households with incomes below the federal poverty threshold; (II) mother-only households: the percentage of female-headed households with children; (III) home ownership: the percentage of housing units that are owner occupied; and (IV) college educated residents: the percentage of adults over the age of 24 with college degrees. The index was calculated by dividing the prevalence of poverty, motheronly households, home ownership and college educated residents by ten, adding poor and mother-only households, subtracting home ownership and college educated residents, and dividing by four (the alpha reliability of the index is 0.78). A large and positive NDI value shows more disadvantaged neighborhood. A unit increase in the scale is equivalent to an increase of 10 percentage points in the prevalence of poor households, of mother-only households, of non-owner occupied units, and of adults without a college degree (14) .
Quality of Life
The Medical Outcomes Study 36-Item Short Form Health Survey (SF-36) was used to measure QOL (23) . The SF-36 encompasses two components, including (1) physical health quality of life (PHQOL) that measures physical functioning, role limitations due to physical problems, bodily pain, and general health; and (2) mental health quality of life (MHQOL) that measures energy/vitality, social functioning, role limitations due to emotional problems, and mental health. Both QOL summary scores range from 0 to 100, with a higher score indicating better QOL. In the current sample, the internal consistency as measured by Cronbach's alpha was 0.81 for the physical health summary scale and 0.78 for the mental health summary scale.
Data analysis
Descriptive statistics were used to describe the characteristics of study sample. Bivariate analyses (Chi-Square test and Mann-Whitney U test) were performed to examine differences in demographic characteristics, clinical factors, QOL, and neighborhood disadvantage between the African American and White samples. For the multivariate analysis, in order to account for clustering of observations within neighborhood, mixed effect linear regression models with a random intercept were used to assess the association between neighborhood disadvantage (NDI) and quality of life (i.e., PHQOL and MHQOL) after adjusting for demographic characteristics and clinical factors. However, two demographic factors including income and education variables were excluded from the model due to a potential collinearity issue (between NDI scores and individual education and income variables) that had a significant impact on QOL. Furthermore, the normal Q-Q plots of NDI showed an acceptable distribution for normal distribution. The mixed effect linear model used in this study has been approved to be robust to violations of some of their assumptions such as "random effects and/or residual errors might not be normally distributed" (24) . All the analyses were performed using SAS version 9.4, a statistical software package.
Results
Sample characteristics and neighborhood disadvantage
In Table 1 , study participants were primarily African American (50.4%), female (61.4%), insured (88.6%), unemployed (56.1%), and had at least some college education or above (56.9%). Nearly half of the sample (49.9%) had been diagnosed with breast cancer, following by prostate cancer (28.8%) and colorectal cancer (21.2%). The majority of participants were diagnosed at age 50 years or older (80.7%), were not currently in treatment (80.0%), had been diagnosed less than 2 years (82.1%), and reported having at least one medical comorbidity (58.7%). Mean QOL scores for the sample were 46.02 (SD =11.13) for PHQOL and 52.62 (SD =9.44) for MHQOL. As shown in Table 1 , African Americans significantly differed from White cancer survivors on several key demographic characteristics (lower income level, more likely to be uninsured and unemployed), clinical factors (younger age at diagnosis and higher likelihood of having a medical comorbidity) and poorer PHQOL (mean =44.5<47.5) and MHQOL (mean =51.6<53.7) outcomes. Table 2 shows that, compared with Whites, African Americans resided in more disadvantaged neighborhoods with a larger median NDI value (−0.2 vs. −1.6). Specially, African Americans resided in neighborhoods with a significantly higher median percentage of households below federal poverty threshold (16.4% vs. 5.1%, P<0.0001) and female-headed households with children (48.5% vs. 30.1%, P<0.0001), and with a significantly lower median percentage of housing units that are owner occupied (61.5% vs. 76.7%, P<0.0001) and adults over the age of 24 with college degrees (13.5% vs. 24.0%, P<0.0001) compared with Whites.
The influence of neighborhood disadvantage on physical health
Multivariate results in Table 3 shows that cancer survivors residing in neighborhoods with higher levels of disadvantage reported lower PHQOL scores than those residing in more advantaged neighborhoods (β =−1.21, P=0.0203). Additional correlates of lower PHQOL scores included being female, unemployed, having later stage disease (i.e., Stage III and IV), less time since diagnosis (<2 years), and being diagnosed with a separate comorbid medical condition. Among Whites, within group analyses suggest a similar pattern of demographic and clinical correlates of PHQOL as was observed in the combined sample. However, none of the clinical (except medical comorbidities) or demographic variables tested were independently associated with PHQOL outcomes among African Americans. There was a marginally significant trend for the independent effect of neighborhood disadvantage on PHQOL within African American cancer survivors (P=0.059) but not White cancer survivors (P=0.1642). neighborhood disadvantage was associated with QOL outcomes among our sample of African American and White cancer survivors. Specifically, cancer survivors, regardless of race, who resided in a more disadvantaged neighborhood (i.e., higher prevalence of poor households, of mother-only households, of non-owner occupied units, and of adults without a college degree) reported significantly lower PHQOL scores than those residing in more advantaged neighborhoods. In bivariate analyses, African Americans were much more likely than Whites to reside in disadvantaged neighborhoods. However, in multivariate analyses controlling for demographic and clinical factors, race was not an independent predictor of PHQOL in the overall model. In the multivariate models examining each racial group separately, among African Americans there was an independent but marginally-significant trend toward lower rates of PHQOL among individuals residing in neighborhoods with higher rates of disadvantage; however, this same relationship was not observed among White cancer survivors. In general, African Americans are much more likely to live in a segregated and economically disadvantaged neighborhood compared to Whites (29) . This is especially true in Chicago and the greater metropolitan area (30) . Additional research is needed in populations with more variation in neighborhood disadvantages scores to better understand potential interactions between race, neighborhood disadvantage and PHQOL. Beyond neighborhood factors, demographic and clinical factors were also found to be independently associated with PHQOL. In terms of demographic factors, male respondents reported higher PHQOL compared to female respondents. This finding is consistent with a prior study of cancer patients where male patients maintained overall strength and PHQOL to a larger degree than female cancer patients (31) . In addition, individuals who were unemployed reported lower PHQOL compared to those who were employed. This finding has also been reported in the literature for breast cancer patients (32) . Clinical factors associated with lower PHQOL scores were also consistent with the extant literature and included later stage disease (stages III and IV), being within 24 months since the time of initial diagnosis, and the presence of a medical comorbidity. In analyses examining African Americans and Whites separately, the patterns of results for Whites were very consistent with those for the overall sample. However, only having an additional comorbid medical disorder was statistically and independently associated with PHQOL among African Americans suggesting additional but unmeasured factors may play a role in this population.
The influence of neighborhood disadvantage on mental health quality of life
Unlike PHQOL, we did not observe an independent influence of neighborhood disadvantage on MHQOL. One explanation may be that the neighborhood disadvantage index used in this study was more correlated with economic disadvantage (14) rather than being reflective of other neighborhood components such as informal social control, social cohesion and social relationships that may result in poor mental health outcomes (e.g., depression or anxiety) (33, 34) . For example, one study showed that higher neighborhood deprivation (measured by percentage of low income households, percentage of persons receiving assistance benefits, and the percentage of owner occupied houses) was only associated with lower mental health related quality of life among people with low social relations (i.e., few personal contacts or low social need fulfillment). Future studies will be required to examine the role of social control, social cohesion or social relations on the association between neighborhood disadvantage and health-related quality of life among cancer survivors.
Similar to PHQOL, demographic and clinical factors were also found to correlate with MHQOL. Specifically, unemployment status was negatively associated with MHQOL while older age at cancer diagnosis was positively associated with MHQOL. This same pattern of result was observed in the model conducted among White cancer survivors only; however, none of the demographic or clinical factors included in the model were independently associated with MHQOL among African Americans. Additional research is needed to better understand the factors associated with MHQOL among African American cancer survivors including social support, coping style, and spirituality (2) .
Several study limitations should be noted. First, the cross-sectional study design utilized in this study increases the possibility of misclassifying neighborhoods regarding the timing of influence vis-a-vis the critical exposure window for the relevant outcomes (20) . Second, clinical data such as stage of cancer at diagnosis were based on self-report and potentially subject to recall bias. Lastly, White cancer patients were recruited from the Illinois counties where African American cancer patients were mainly recruited. Therefore, White patients in the study is not representative of those who resided in more affluent suburban counties or in some rural areas. Further, the potential of lacking variations between neighborhoods may be considered due to limited number of counties in the Illinois State.
People living in a more disadvantaged neighborhood are more likely to experience stress associated with disorder, crime, and danger that can erode health (14) . Our study results contribute to a growing body of research documenting the detrimental effects of neighborhood disadvantage on cancer related outcomes, especially on quality of life. In addition, neighborhood disadvantage can be measured in multiple ways. More research is warranted to determine the influence of other aspects of neighborhood disadvantage (e.g., neighborhood cohesion and disorder, residential segregation, neighborhood environment and resources) on health outcomes and the potential interactive effects of race/ethnicity on neighborhood disadvantage and QOL. Finally, targeted interventions can be developed not only based on individual demographic and clinical factors but also in the neighborhood texts in which cancer survivors live to promote health status and outcomes. to declare.
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